The analogues of brassinolide, 15, 19~23, 29 and 30, were synthesized via key intermediate 5 from stigmasterol. Compound15 which has the same functional groups as brassinolide on rings A and B showed one tenth of the activity of brassinolide in the lamina inclination test on rice seedlings. However, other analogues with modified ring A were poorly active, and an analogue with modified ring B, 6-oxa-ketone 30, showed only one hundredth of the activity of its 7-oxa-ketone isomer, 29, suggesting that the 2a,3a-dihydroxy-7-oxa-6-ketone moiety is one of the requisites for the biological activity.
Brassinolide
is a new plant growthpromoting steroidal lactone recently isolated from rape pollen.1} This steroid promotes cell division, cell elongation and plant growth. 2'3) Recently, four research groups succeeded in the total synthesis of brassinolide and its analogues.4~7)
The authors found that brassinolide and an analogue show extremely strong activity in stimulating the lamina inclination of rice plants. 8 ) The structure-activity relationship in brassinolide and its biosynthetic intermediates is an interesting problem still remained to be investigated. One of the most important points in brassinolide biosynthesis is the conversion of 3jff-hydroxy group to 2a, 3a-dihydroxy group. The possible biosynthetic intermediates as shown in Fig. 1 may show biological activity by their structure resemblance or metabolismto brassinolide or its isomer.9 '10) The authors focused, therefore, their first attention to the synthesis of brassinolide analogues with modified ring A and the exam- The stereochemistry of the dihydroxy side chain was assigned on the basis of the close similarity of chemical shifts of C-22 and -23 in the 13C NMRspectrum of 8 with the relevant shifts of those reported for brassino-lide1} and its synthetic precursor.7) The diacetate 9 of the major 7 was treated with LiBr in dimethylforamide at 130°C to give the 2- Kinmaze), grown in distilled water at 30°C under the dark conditions. After the leaf segments were floated in distilled water for 24hr, ten of them were incubated in 1 ml of2.5mM potassium maleate solution containing a finite amountof a test sample for 48hr at 30°C
under the dark conditions. The magnitudes of the induced angles between laminae and sheaths were measured after the incubation period.
The 2a, 3a, 22S, 23S-tetraol 15 which is different only in the side chain from brassinolide showed the strongest activity among the brassinolide analogues tested. Even at the concentration of 0.005 /ig/ml of 15, the angle between laminae and sheaths was about 140°, indicating that the activity of 15 is about one tenth that of brassinolide (see Table I ). However, other analogues modified the substituents on ring A were poorly active as shown in Table II . The effect of the 6-oxaketone 30 was one hundredth that of the 7oxa-ketone 29. These results suggest that 2a, 3a-dihydroxy-7-oxa-6-ketone moiety is one of the necessary requisites for manifesting the plant growth-promoting activity.
EXPERI MENTAL
Melting points were determined with a kofler hot-stage apparaturs. IR spectra were recorded with a JASCOA-III spectrometer, *H NMRspectra with a JEOL JNM-MH- Tosylation of5. to a stirred solution of5 (3.2g) in 60ml of dry pyridine was added 2.9 g of/7-toluensulfonyl chloride. After 2 days, the reaction mixture was poured into water, and extracted with dichloromethane. The organic was heated at 130°C for 7hr, then poured into 400ml of water, and extracted with 300ml of ether twice. Acid-catalyzed cleavage of the epoxide 21 in methanol. The epoxide 21 (26mg) in 2ml of methanol was treated with 0.1 ml of 5n-H2SO4 for 2 hr. Solvent was evaporated off, and the residue was extracted with dichloromethane. The organic layer was washed with saturated NaHCO3 and brine, and dried over Na2SO4. Removal Beayer-Villiger oxidation of the diacetate 26. The diol 25 (720mg) was, after acetylation, oxidized with 645mg of ra-Cl-C6H4CO3H in 20ml of dichloroethane containing 5mg of 4,4/-thiobis(6-ter/-butyl-m-cresol) at 65°C for 3 day. The reaction mixture was worked up as described above. Medium pressure liquid chromatography of the crude product gave 290mg (39% yield) of 27 and 236mg The 3-hydroxy-6-oxa-ketone 30. The compound 28 (236mg) was saponified as described above to afford
